The methanolic extract of Vernonia amygdalina (MEVA) has previously been shown to possess antioxidant property and provide radioprotection in the brain and liver of rats, but this effect has not been tested in blood cells. The objective of this study was to test if MEVA could offer radioprotection for blood cells of rats using alpha-tocopherol (TOCO) as a standard antioxidant. Forty-two male albino Wistar rats, aged 12-14 weeks were randomly divided into seven groups of six rats each. The control group received distilled water orally, while other groups received either MEVA, MEVA with radiation, or radiation alone. Rats were treated for 14 days, irradiated on the 15 th day, euthanized on the 16 th day, and their blood investigated using standard methods. Data were analyzed using ANOVA with post-hoc test. Results showed that radiation caused a reduction in the haemoglobin, red blood cells and packed cell volume, which pretreatment with MEVA did not improve, whereas TOCO caused a significant increase in the values. The radiation-induced reduction of lymphocytes and increases in the liver enzymes was mitigated by pretreatment with both MEVA and TOCO. This study demonstrated that MEVA and TOCO provided radio-protection for rat's lymphocytes and the liver enzymes.
INTRODUCTION
The beneficial effects of radiation therapy in the management of cancers have been documented (Jagetia et al., 2005) . Radiation therapy (RT) is the use of highenergy rays to damage cancer cells, thereby stopping the malignant cells from further growing and dividing. Although RT regimes are designed to maximize tumoricidal effects while causing minimal damage to normal organs, in reality, it may cause damage to adjacent non-cancerous cells (Belka et al., 2001) .
The use of total body irradiation (TBI) may be indicated in some medical conditions, for example, as in preparation of patients for renal transplant (Aunapuu et al., 2003) . TBI may cause acute radiation syndrome (ARS), defined as an acute illness caused by a dose greater than 0.5-1 Gy of penetrating radiation to most or all of the body in a short time, usually a matter of minutes (Waselenko et al., 2004; MedicineNet.com, 2011) . Syndromes associated with ARS may include the haematologic, the gastrointestinal, and the cardiovascular (CVS) / central nervous system (CNS) syndromes. The haematologic and liver aspects of these associated syndromes are the subject of this investigation. The progenitor cells of the haemopoietic system resident in the bone marrow, and the epithelium of the gastrointestinal tract are highly radiosensitive, whereas the red cells are relatively radio resistant (Hla et al., 2003) . Among the leukocytes, lymphocytes have been reported to be the most radiosensitive haematologic cells (Jones et al., 1997; Jagetia et al., 2002) .
Radiation side effects have been attributed to generation of free radicals (FR), which when in excess interact with biological systems and may attack various biomolecules including DNA, proteins, and membrane lipids, eventually leading to significant cellular damage. Antioxidants have been reported to mitigate the effects of free radical damage (Farombi et al., 2008; Prabhakar et al., 2006) . Apart from synthetic antioxidants, studies have shown that commonly used medicinal plants, are also good sources of antioxidants that offer radioprotection in untried models. Examples include Aegele marmelos, Hibiscus sabdariffa, and Vernonia amygdalina (Jagetia et al., 2004; Adaramoye et al., 2008; Owoeye et al., 2010) . Vernonia amygdalina, commonly called "bitter leaf' is a popular African vegetable whose health benefits have been reported (Igile et al., 1994) . Although the antioxidant and radioprotective activities of the methanolic extract of Vernonia amygdalina leaf extract have been reported, there is paucity of data on such effects on the haematologic aspect. It is well reported that alpha-tocopherol (vitamin E) is a radical scavenger and should therefore have a modulatory effect on irradiated rat's blood cells (Shaheen and Hassan, 1991; Hla et al., 2003) .
This study was designed to investigate the modulatory effect of the methanolic extract of Vernonia amygdalina leaf extract on the haematological and associated liver enzymes changes in gamma irradiated rats, using alpha-tocopherol as a reference antioxidant compound. The study should provide an answer to the question: "Can Vernonia amygdalina leaf extract modulate the gamma radiation-induced alterations in the blood cells and liver enzymes of rats?" The significance of this study is its potential relevance to patients who might need treatment for cancer, because the degree of positive response of patients to any form of chemotherapy, surgery or radiotherapy depends on the status of their blood parameters ab initio. For example, patients who were anaemic or leukopaenic at the onset of medical treatment may not respond optimally to therapy.
MATERIALS AND METHODS Animals
Male albino Wistar rats (12 -14 weeks; 180-200 g, body weight) were maintained in the animal house of Department of Anatomy, University of Ibadan, Ibadan, in transparent plastic cages with wood shavings in a flyproof, freely ventilated and naturally illuminated environment. Animals were fed dry pellets (Ladokun Feeds Nig. Ltd, Mokola, Ibadan), and given drinking water ad libitum. The experimental protocols were approved and carried out according to the guidelines set by the University of Ibadan Ethical Committee, which conformed to the acceptable guidelines on the ethical use of animals in research (Clarke et al., 1996) .
Experimental design
The rats were randomly divided into seven groups of 6 rats per group. They were allowed 5 days to acclimatize to laboratory environment before treatment commenced. The details of grouping and treatment are presented in Table 1 . All the treatments were given orally by gavage. Gamma-radiation was given as a single dose of 2.0 Gy on Day 15 and rats in all groups were sacrificed on the 16 th day of the experiments.
Leaf extract preparation
The leaves of Vernonia amygdalina Del ('bitter leaf') were harvested at a farm in Ibadan, Nigeria, in May, 2006 . Botanical identification and authentication was done at the Forest Research Institute of Nigeria, Ibadan, Nigeria, where the voucher sample number FHI 107408, was deposited for reference. The leaves were rendered pest-free and 4.55 kg were extracted with pure MeOH (3 x 17 L) at room temperature with weekly changes of solvent, over a period of three weeks. The solvent was evaporated with a rotary vacuum evaporator (Eyela N.21, Tokyo) to afford a methanolic extract of V. amygdalina (MEVA) weighing 700 g, a yield of 15.4%.
Preparation and administration of MEVA
Based on the report of Abosi and Raseroka (2003) , the stock solution of MEVA, of two different concentrations was prepared for this experiment. 1 ml of the prepared stock solution containing 250 mg/kg/day or 500 mg/kg/day was administered orally by gavage.
Drugs
Each capsule of 100 mg vitamin E acetate (G. A. Pharmaceuticals, Athens, Greece) was aspirated with a size 21G needle, attached to an oral gavage, and administered orally at a dose of 500 mg/kg daily for 14 days. This dose was based on Viana et al. (2003) .
Irradiation procedures
Rats in Groups IV-VII (Table 1) were anaesthetized with Ketamine hydrochloride injection (Rotex medica, Trittau, Germany, batch 40092) at 10 mg/kg body weight and Diazepam injection (Roche, Switzerland) at 3 mg/kg body weight for muscle relaxation. Radiation as a single fraction of 2.0 Gy of gamma-rays at a dose rate of 117.338 cGy/min, for 2.0 minutes was delivered by an AECL Theratron 780C Teletherapy machine with energy of 1.25 MeV. The source to surface distance was 72 cm, at a depth of 4 cm, and a field size of 18 cm by 18 cm, with an equivalent square area of 324 cm 2 and the percentage depth dose was 85.32%. There was no shielding of any part of the rat's body, and the rats were returned to their cages and transferred to the animal room for recovery from anaesthesia after irradiation.
Sample collection
On day 16 th of the experiment, all the animals were euthanized using Ketamine at 10 mg/kg to each rat i.p. Through a cardiac puncture, blood was withdrawn from the left ventricle with some transferred into ethylenediamine tetra-acetic acid (EDTA) coated plastic tube and the remaining into plain tubes.
Preparation of serum
The blood in the plain tubes was centrifuged at 3000 revolutions per minute for ten minutes, and the supernatant was decanted into labeled Ependorf tube with the aid of a Pasteur pipette and then stored at -20 °C until subsequent analysis which in all cases was usually conducted within 24 hours or less of sample collection.
Determination of haematological values
The haematocrit or packed cell volume (PCV) and haemoglobin (Hb) values were determined by the microhaematocrit and cyanomethaemoglobin methods respectively. The red blood cell count (RBC) and white blood cell count (WBC) were assessed using the improved Neubauer haemocytometer (SpencerR). Erythrocytic indices namely mean cell volume (MCV), mean cell haemoglobin (MCH), and mean cell haemoglobin concentration (MCHC) were calculated from the data obtained using standard formulae (Green and Ezeilo, 1978; Penington et al., 1978) . The leucocyte differential counts were determined according to the methods described by Jain (1986) .
Assessment of hepatic integrity in the studied animals by enzymic and nonenzymic biochemical parameters Determination of aspartate aminotransferase (AST)
The activity of AST in the serum was determined based on the method of Reitman and Frankel (1957) . Briefly, 0.l mL of diluted sample was mixed with solution of phosphate buffer, L-aspartate and α-oxoglutarate. The mixture was incubated for exactly 30 minutes at 37 °C. Then, 0.5 mL of solution of 2, 4-dinitrophenylhydrazine was added to the reaction mixture and allowed to stand for exactly 20 minutes at 25 °C. Then 0.5 mL of NaOH was added and the absorbance read against reagent blank after 5 minutes at 546 nm using a spectrophotometer.
Determination of alanine aminotransferase (ALT)
The activity of AST in the serum was determined based on the method of Reitman and Frankel (1957) . Briefly, 0.5 mL of buffer was put into the test tubes of reagent blank and test sample. Then, 0.l mL of distilled water was added to reagent blank test tube followed by the addition of 0.l mL sample (serum) to test sample. These were mixed and incubated for 30 minutes at 37 °C, and 0.5 mL of 2, 4-dinitrophenylhydrazine was added to both reagent blank and test sample tubes. This was mixed, allowed to stand for exactly 20 minutes at 20-25 °C, after which 5.0 mL of sodium hydroxide (0.4 mol/L) was added to both reagent blank and test sample tubes and then mixed. The absorbance of sample was read against reagent blank after 5 minutes at 530-550 nm using spectrophotometer.
Determination of alkaline phosphatase (ALP)
The plasma activity of alkaline phosphatase (ALP) was determined using the colorimetric method of Williamson (1972) . Briefly, ALP activity was measured by monitoring the concentration of p-nitrophenol formed when ALP reacts with p-nitrophenol phosphate [PNPP] at 405 nm using spectrophotometer.
Estimation of serum albumin
The serum albumin level was determined photometrically by a modified method of Spencer and Price (1977) . The method is based on the principle of the affirnity of bromocresol green (BCG) for albumin at pH 4.2. The level of BCG-albumin complex formed was then determined spectrophotometrically.
Statistical analysis
Results were expressed as mean ± S.D. of five animals. Data were analysed using oneway ANOVA, followed by Tukey post-test performed for multiple comparisons using GraphPad Prism version 4.0 (2003) for Windows GraphPad Software, SanDiego, California, USA, (www.graphpad.com). Differences were considered statistically significant at p<0.05.
RESULTS

General
All control, M250, and M500 animals survived the whole duration of the experiment. One rat each from the R, R + M500, and R + TOCO treatment groups died during anaesthesia or irradiation. Table 2 shows the non-significant decrease of the mean of R treatment when compared with the control (p>0.05). The R+M250 and R+M250 treatments did not improve the effect of radiation whereas R+TOCO pretreatment caused a significant increase in the mean of RCC (p<0.001) as compared with R. Table 2 shows the non-significant decrease caused by radiation on the PCV which R+M250 and R+M250 treatments did not improve. However, R+TOCO pretreatment caused a significant increase in the mean (p<0.05) when compared with R.
Haematological parameters Red blood cell parameters Red blood cell count (RCC)
Packed cell volume (PVC)
Haemoglobin concentration (Hb)
The significant reduction of haemoglobin concentration by radiation is shown in Table 2 . The improvement of pretreatment was significant in the R+TOCO treatment group (p<0.001), whereas it was non-significant in the R+M250 and R+M250 treatments. Table 3 shows that the slight reduction of the MCV by radiation was not significant. While the slight increases in the R+M250 and R+M250 treatments were insignificant, that of R+TOCO treatment was significant when compared with R (p<0.05).
Mean corpuscular volume (MCV)
Mean corpuscular haemoglobin (MCH)
In Table 3 , the slight reduction of the MCH by radiation was not significant. Although the slight increases in the R+M250 and R+M250 treatments were insignificant, that of R+TOCO treatment was significant when compared with R (p<0.05).
Mean corpuscular haemoglobin concentration (MCHC)
As shown in Table 3 , the slight reduction of the MCHC by radiation was not significant. Although the slight increases in the R+M250 and R+TOCO treatments were insignificant, that of R+M500 treatment was significant when compared with R (p<0.05).
White cell parameters
The absolute and differential counts of the white blood cells of rats are stated below:
Total white cell count (WBC) Table 4 shows a general overview of the total white cell count. Radiation caused a non-significant reduction (p>0.05) in the mean of WBC relative to the control group. Similarly, the alterations in the pretreatment groups were not significant. Table 4 shows that radiation caused a non-significant reduction (p>0.05) in the mean of WBC relative to the control group. The alterations in the pretreated groups were not significant.
Differential white blood cell counts
Neutrophils count
Lymphocyte count
In Table 4 , radiation caused a significant reduction (p<0.001) of the mean of the lymphocyte count when compared with the control. However, in the pretreated groups, R+M250, R+M250 and R+TOCO, there were significant increases in the means (p<0.001) relative to R treatment.
Biochemical parameters Rat serum albumin (RSA)
Radiation caused significant elevation of serum albumin (p<0.001) which was significantly reduced by pretreatment as shown in the values obtained in the pretreated groups (Figure 1 ).
Aspartate aminotransferase (AST)
Table 5 and Figure 2 , show the significant elevation (142%) of AST (p<0.001) by gamma radiation when compared with the control. This was lowered significantly (p<0.001), by pretreatment as the Table shows a reduction of AST levels in groups R+M250 (61.6%), R+M250 (46.5%), and R+TOCO (43.2) when compared with R.
Alanine aminotransferase (ALT)
A non-significant reduction in ALT levels was observed for the M250 and M500 treatment groups. Radiation caused a nonsignificant 16% rise in ALT level as compared with the control, which was reduced significantly by pretreatment with MEVA and TOCO (p<0.001) as shown in Table 5 and Figure 3 . Alkaline phosphatase activity (ALP) Table 5 and Figure 4 , show the significant elevation (128%) of the ALP (p<0.001), which was reduced in the pretreated groups of R+M250 (58%), R+M250 (60%), and R+TOCO (64%), and this was significant (p<0.001). Values are given as means ± S.D., (n = 5). MEVA -methanolic extract of Vernonia amygdalina; R -radiation; M 250 -MEVA at 250 mg/kg; M 500 -MEVA at 500 mg/kg; TOCO -α -Tocopherol; * p < 0.05 versus R. 
DISCUSSION
In this work, we addressed the question: "Can Vernonia amygdalina leaf extract modulate gamma-radiation induced alterations in the blood cells and liver enzymes of rats?" The study demonstrated that gamma radiation caused alterations in the haematological parameters, liver enzymes, and serum albumin of irradiated rats. These alterations were, however, alleviated by the MEVA and TOCO.
Changes in blood values are recognized as an asset in determining the extent of radiation exposure. Reports of immature and dividing blood cells being the most radiosensitive, the mature or non-dividing cells being radioresistant, and the pattern of white blood cells decrease in response to irradiation occurring in the sequence: lymphocytes, thrombocytes, neutrophils have been documented (Andersen, 1970) .
Lymphocytes being the most radiosensitive of the leucocytes are sensitive to as low as 0.25 Gy of ionizing energy, whereas erythrocytes (red blood cells) are relatively radioresistant than other cellular components of blood, and can resist to some 30 Gy, though developing erythrocytes are sensitive to 0.5 Gy (Andersen, 1970 , Jones et al., 1997 Hla et al., 2003) . Newer findings have shown that as low as 2.25 Gy of gamma radiation can induce haematological changes in the peripheral blood (Rana et al., 1992) . In this study, 2.0 Gy gamma radiation reduced the total red blood cell count, the haematocrit (PCV), and the haemoglobin (Hb). This is in partial agreement with the findings of Shaheen and Hassan, (1991) , who reported that gamma-irradiation, caused a significant decrease in red blood cells (RBCs) count with insignificant change in hemoglobin level, 24 and 48 hrs post-irradiation in male rats, and Rana et al. (1992) who reported similar findings in chicks respectively. Radiation is known to cause tissue damage via the generation of free radicals like hydroxyl and superoxide radicals, which then cause oxidative damage which may lead to cell death, hence reducing RBCs population.
The significant elevation of the means of RBCs, PCV, and Hb, in the R+TOCO rats might be due to the reported effect of TOCO on the blood whereby, high doses of orally administered TOCO (vitamin E) elicited a significantly higher red blood cell glutathione (GSH) than in the placebo controls (Costagliola et al., 1985) . GSH plays an important part in protecting red cell sulphydryl groups, especially those of Hb, against oxidation (Penington et al., 1978) , a fact which may explain the greater stability of the RBCs and Hb against irradiation damage. Of note were the findings that TOCO inhibited free radical formation in cell membranes, thus stabilizing the cells, and thus demonstrating that the administration of vitamin E preceding gamma-radiation exposure gave a significant radioprotection against radiation injury to RBCs in male rats (Schafer et al., 2002; Shaheen and Hassan, 1991) . Even in humans, elevated levels of vitamin E have been demonstrated to increase human RBCs resistance to radiation-induced haemolysis (Brown, 1983) .
The mean volume of the red blood cells evaluated by the MCV, which is a function of the red cell count and the PCV, demonstrated that the RBCs were normocytic. The significant increase in the mean of the TOCO group as compared with R group suggests an enhancement of the haemopoeitic system during the pretreatment. The average weight of Hb contained in each red blood cell was evaluated in the animals by assessing the MCH. This parameter, a function of the Hb content and the total red cell count, was significant in the TOCO group. This can be explained by the high values of the Hb in the TOCO group. The MCHC, which represents the average concentration of Hb of RBCs was unaltered, implying the rats were generally normochromic (Schalm, 1970) . As already reported, a true increase in MCHC value does not normaly occur because increased MCHC is almost always as a result of in vivo and in vitro haemolysis (Duncan et al., 1994) . However, none of the rats used in the study had clinical features suggestive of haemolysis as no evidence of epistaxis, haematemesis, haematuria, haematochezia, or bleeding in an open injury was observed, though internal bleeding was not monitored.
Total leukocyte count in rats was reported to be influenced both by the site of blood withdrawal and the type of anaesthesia (Schalm, 1970) . Blood obtained from clipping the tail and cardiac puncture after stunning the rats was compared by Quimby et al. (1948) , who reported the finding of 3.5 times as many leukocytes in tail blood than in heart blood. To ensure uniformity, all the animals had the same form of Ketamine injection anaesthesia, and blood was obtained from cardiac puncture. The total leukocyte count exhibited slight insignificant alterations. There was relative leukopaenia in the groups that had pretreatment (R+M250, R+M500, and R+TOCO). Since these rats did not suffer any observable medical condition that might precipitate a leukopaenia e.g. lymphoma, aplastic anaemia or liver disease (Falase and Akinkugbe, 2007) , it is safe to assume that the radiation energy depressed the white blood cells and this effect was not mitigated by the pretreatment possibly due to the short interval of 24 hours sacrifice after irradiation.
The significant reduction in the mean of the lymphocytes of the R group might have been due to the radiosensitivity of lymphocytes to gamma rays. Lymphocytes could offset oxidative damage by their capacity to regenerate intracellular stores of reduced glutathione (GSH) (Bounus and Molson, 1999) , which may be deployed in mitigating the effects of the oxidative damage induced by the gamma radiation. The significant reduction of the means of the lymphocytes of the MEVA and TOCO groups might be due to the inability of these substances, including the GSH expected to be generated by lymphocytes themselves to protect lymphocytes from radiation injury. The fact that the neutrophils did not show any significant group differences suggests the possibility of radioresistance of neutrophils to the irradiation dose used in this study as reported by Schalm (1970) . The leukopaenia, especially the lymphopaenia and neutropaenia observed in these groups may have been due either to ineffective granulopoiesis or reduced granulopoiesis or reduced survival of leukocytes in the blood in response to radiation toxicity (Coles, 1986; Falase and Akinkugbe, 2007) .
As the major detoxification system of the body, deranged liver function tests suggests a lesion of the organ (Giannini et al., 2005; Kierzenbaum, 2007) . The administration of a toxicant (2.0 Gy gamma rays) as TBI activated the elevation in the levels of liver enzymes AST, ALT, and ALP, and also that of the rat serum albumin (RSA). The elevated levels of the enzymes were indicative of hepatic injury after radiation exposure, which probably enhanced the leakage of the enzymes into the blood. The observation of more than double in the increase of the values of the enzymes AST and ALP as shown in Table 5 , may however, not be entirely due to liver damage since there are other sources of these enzymes, namely: heart and skeletal muscle, kidney, brain and RBCs in the case of AST; and bone and intestine in the case of ALP (Giannini et al., 2005) . Since ALT has been found to be relatively liver-specific and also to increase in the plasma during hepatocellular necrosis or degeneration (Nagiev and Karpovich, 1994) , the slight increase in its level of the R group might suggest that the hepatocytes were mildly affected. That pre-treatment with MEVA and TOCO markedly reduced the elevated levels of AST, ALT, and ALP suggest that both MEVA and TOCO might act as an indirect or direct antioxidant by combining with toxic free radicals produced by radiation or inactivate them, thus preventing hepatocyte injury. This antioxidant activity would have led to the subsequent inhibition of the leakage of these enzymes into the circulation (Bender and Mayes 2003; Barone, 2004; Iwalokun et al., 2006; Owoeye et al., 2010) .
Since albumin is a protein made specifically by the liver (Akinosun et al., 2006) , its elevation by gamma radiation might be due to gamma rays energizing the hepatocyte mRNA specific for albumin synthesis to be translated into more albumin molecules, hence the albumin synthesis. This finding contradicts the findings of Sharma et al. (2001) and Yammani et al. (2002) who reported hypo-albuminaemia due to albuminuria in the rat following single dose TBI although Yammani and his colleagues had irradiated rats with 9.5 Gy of X-rays as a single dose. This contradiction in the result of the present study may be due to the fact that a lower radiation dose of 2.0 Gy was used, apart from the fact that gamma rays and not X-rays were used as in the study of Yammani et al. The result is, however in agreement with the findings of Adaramoye et al. (2008) , who used gamma rays at a dose of 5.0 Gy and observed an elevated the RSA of the irradiated rats. Of importance was the finding that pretreatment with MEVA and TOCO significantly reduced the elevated level of RSA to a level comparable to the control value. This may have been due to the stabilizing role of the antioxidants present in MEVA (Adaramoye et al., 2008; Owoeye et al., 2010) , and TOCO (Schafer, 2002) . TOCO is preferentially retained in the body by the action of the alphatocopherol transfer protein (α-TTP) in the liver, which preferentially incorporates it into lipoproteins that are circulated in the blood and ultimately delivers it to different tissues in the body. TOCO as a radical scavenger in chemical and biological systems, protects cellular structures against damage by reactive oxygen species especially hydroxyl and superoxide radicals. This is in addition to its contribution to cell membrane stability which has been demonstrated in this study (Bender and Mayes, 2003; Mayes and Botham, 2003; Cerecetto and Lopez, 2007) .
Taken together, the results of this study have demonstrated that the methanolic extract of Vernonia amygdalina and alpha-tocopherol were able to modulate the effects of gamma radiation-induced injury to blood cells, liver enzymes, as well as rat serum albumin. These results may be applicable in further research aimed at enhancing patient protection during radiotherapy.
